1. Introduction {#s0005}
===============

The first modern description of HCM was provided in 1958 by Robert Teare who published a series of cases of asymmetrical hypertrophy or muscular hamartoma of the heart in young people with sudden death. However, in the early 1960 s, Dr. Eugene Braunwald and colleagues were responsible for describing the histological aspects, the clinical presentation, and the treatment of this disease [@b0005], [@b0010], [@b0015]. HCM is the most common genetic cardiomyopathy; it is present in a variety of races and ethnic groups [@b0020]. The majority of individuals with HCM have normal or near-normal life expectancy [@b0025]. The disease is characterized by marked variability in morphological expression and natural history. Depending on the mutation, there is variability in family transmission, degree of hypertrophy, evolution, and prognosis of the disease.

1.1. Definition and prevalence {#s0010}
------------------------------

The diagnosis of HCM is based on the presence of nondilated left ventricular hypertrophy (LVH), identified by echocardiography or magnetic resonance imaging, which occurs in the absence of another cardiac, systemic, metabolic, or syndromic disease [@b0025], [@b0030], [@b0035]. HCM typically manifests as asymmetric septal hypertrophy, although other patterns, such as apical, concentric, lateral wall, and right ventricular forms, can occur [@b0040].

Epidemiological studies estimate a prevalence of 1 in 500 persons in the general population, and the disease has been identified in 122 countries (representing 90% of the world population) [@b0045], [@b0050], [@b0055]. Recent studies suggest that approximately 20 million people worldwide are affected by HCM, well beyond the population initially thought, although it is estimated that only 10% of cases are clinically identified and only 6% symptomatic [@b0020], [@b0055].

1.2. Etiology {#s0015}
-------------

HCM is associated with mutations in one of the genes encoding proteins of the cardiac sarcomere, Z-disc, and calcium-controlling proteins ([Table 1](#t0005){ref-type="table"}) [@b0060], [@b0065], [@b0070]. Twenty genes have been related to the disease, and over 2000 different mutations have been identified in disease-affected individuals, but the most common genes involved with HCM are β-myosin heavy chain (MYH7) and myosin binding protein C (MYBPC3) [@b0050], [@b0055], [@b0060], [@b0065]. Genetic phenocopies, such as Fabry\'s disease, amyloidosis, Danone\'s disease, and Friederich\'s ataxia, may be associated with HCM [@b0035].Table 1Genes implicated in HCM.GeneProteinChromosomeFrequency (%)Myofilament genes*TTN*Titin21*MYH7*β-Myosin heavy chain1415--25*MYH6*α-Myosin heavy chain141*MYL2*Regulatory myosin light chain122*MYL3*Essential myosin light chain31*MYBPC3*Myosin-binding protein C1115--25*TNNT2*Cardiac troponin T15*TNNI3*Cardiac troponin I195*TPM1*α-Tropomyosin155*ACTC*Cardiac α-actin151*TNNC1*Cardiac troponin C31  Genes of Z disk*LBD3*Lim domain binding 3101--5*CSRP3*Cysteine- and glycine-rich protein 3171*TCAP*Tcap (telethonin)171*VCL*Vinculin/Metavinculin101*ACTN2*Actinin, α211*MYOZ2*Myozenin 2 (calsarcin 1)41*NEXN*Nexilin1\<1  Calcium controlling genes*JPH2*Junctophilin-2201*PLN*Phospholamban61

More recently, sarcomere mutations have also been recognized as the cause of dilated cardiomyopathy, idiopathic restrictive cardiomyopathy, and LV noncompaction [@b0075].

The SHaRe registry showed that HCM patients with sarcomere mutations have a 2-folder greater risk for adverse outcomes, highest for ventricular arrhythmias, compared to those without mutations [@b0080].

Up to 5% of patients may have two distinct pathogenic mutations, and a minority (\<1%), three pathogenic mutations. Patients who manifest earlier and have more severe phenotypes often have multiple mutations [@b0085], [@b0090], [@b0095].

1.3. Pathophysiology {#s0020}
--------------------

The association between LVH and histopathological changes characteristic of the disease, such as myofibril disruption and increased interstitial space with fibrosis formation, results in the occurrence of diastolic dysfunction, frequently found in patients with HCM [@b0100], [@b0105].

Septal hypertrophy favors the occurrence of high left ventricular outflow tract (LVOT), resulting in a "suction" effect (Venturi effect), which leads to the traction of the anterior mitral valve leaflet towards the interventricular septum with consequent emergence of subaortic systolic gradient and LVOT obstruction. The obstructive form is defined as LVOT gradient ≥30 mmHg. Approximately 70% of HCM patients have LVOT obstruction at rest or with provocative maneuvers [@b0110].

Nonobstructive HCM generally carries a favorable prognosis. The exception is "burned-out" or end-stage HCM, wherein the phenotype transitions to a dilated cardiomyopathy (wall thinning, cavity dilation, systolic dysfunction, and secondary pulmonary hypertension), with a poor prognosis.

Myocardial ischemia is common and of multifactorial origin. It is related to several pathophysiological mechanisms that act alone or synergistically and are responsible for the angina symptom found in 50% of the population with the disease. The mechanisms are (1) excessive increase in muscle mass, with consequent increase in oxygen demand by the myocardium; (2) insufficient coronary microvascular structure in relation to increased ventricular mass; (3) increased ventricular diastolic pressures and microvascular compression, decreasing blood flow mainly in the subendocardial region; and (4) thickening of the coronary artery walls with decreased arteriolar lumen [@b0115].

Moreover, the left atrium is usually dilated as a result of the high resistance to ventricular filling caused by diastolic dysfunction and reflux effect through the mitral valve.

1.4. Morphologic patterns of HCM {#s0025}
--------------------------------

The morphologic expression of HCM is widely variable and heterogeneous because HCM may affect any portion of the LV. Asymmetric septal involvement is the most common form of the disease, and other variants include midventricular, apical and concentric HCM, as shown in the figure below ([Fig. 1](#f0005){ref-type="fig"}).Fig. 1HCM phenotypes. Diagrams show focal basal septum HCM (A), diffuse septum (B), concentric and diffuse HCM (C), midventricular HCM (D) and apical HCM (E). Adapted from Baxi et al. [@b0120].Fig. 2(A) ECG showing LVH in a patient with HCM; (B) ECG of a patient with apical cardiac hypertrophy (Yamaguchi syndrome).

2. Clinical presentation and diagnosis {#s0030}
======================================

2.1. Natural history {#s0035}
--------------------

HCM is one of the few cardiovascular diseases that can manifest at any phase of life, from infancy to the seventh decade of life. Most patients have normal life expectancy without the need for major therapeutic interventions [@b0025], [@b0030], [@b0035]. Mortality rates have been substantially revised over the years. Population studies performed on highly selected tertiary center patients after the initial description of the disease showed an annual mortality of around 4% to 6%. However, the selection bias probably overestimated the risk of the disease by creating a concept that HCM would be a "malignant" heart disease with a poor prognosis and reduced life expectancy [@b0025]. Recent studies with large populations and longer follow-up have shown annual mortality rates from 0.9% to 1.5%, being reduced to 0.5% per year after the development of new therapeutic interventions, such as implantable cardioverter defibrillator (ICD) and heart transplantation [@b0025], [@b0035], [@b0055], [@b0125], [@b0130], [@b0135].

A small proportion of patients may develop complications like sudden cardiac death (SCD) that usually affects younger (\<30 years) and asymptomatic or oligosymptomatic individuals [@b0125], [@b0130], [@b0135], and progressive heart failure (HF) with preserved systolic function. Occasionally (\<5% of cases), the disease may develop with left ventricular dysfunction ("end stage" disease) [@b0140] and atrial fibrillation (AF), with significant risk of stroke [@b0025], [@b0035], [@b0145], [@b0150].

However, data from the SHaRe registry demonstrated that mortality in HCM patients is significantly higher than in the US general population. Although SHaRe data confirmed that absolute mortality in young patients with HCM is low, it was 4-fold higher than expected for 20- to 29-year-old, and the rate of SCD, which is the leading cause of death HCM, was much lower in this registry (16%) than that shown by previous studies (around 40%) [@b0080].

2.2. Physical examination {#s0040}
-------------------------

Physical examination is usually normal in asymptomatic patients without LVOT obstruction. The ictus is broad, strong, and shifted to the left, and a systolic thrill can be palpated at the tip level or at the lower left sternal border. An inverted paradoxical pulse may occur. The jugular venous pulse may have an elevated "a" wave due to marked atrial contraction resulting from decreased ventricular distensibility.

The carotid pulse increases rapidly and then decreases in mesosystole as gradient formation occurs followed by a secondary increase, giving the appearance of bisferiens.

In cardiac auscultation, the most common finding is the presence of a B4, which is explained by a vigorous atrial contraction. B2 is unfolded and, patients with marked obstruction of the left ventricular outflow tract may experience a paradoxical unfolding. In the majority of patients with the obstructive form, a rough "crescent-decreasing" systolic murmur is heard, which begins shortly after B1, audible along the low left sternal border resulting from turbulent flow in the narrow LV outflow tract. When mitral regurgitation is present, a soft, holosystolic murmur in the apex radiates into the armpit.

Some maneuvers modify the intensity of the murmur and assist in the clinical diagnosis of the disease ([Table 2](#t0010){ref-type="table"}).Table 2Effects of interventions on the LVOT gradient and murmur in patients with hypertrophic cardiomyopathy.InterventionGradient and cardiac murmurValsalva maneuverIncreaseOrthostatic positionIncreasePost extrasystoleIncreaseSquatting positionDecreaseHandgrip maneuverDecrease

3. Electrocardiogram (ECG) {#s0045}
==========================

ECG is altered in up to 95% of cases, and the disease has no characteristic pattern. The most common abnormalities are ST-segment and T-wave changes, followed by evidence of LVH. Other electrocardiographic alterations may be present in HCM as shown in [Table 3](#t0015){ref-type="table"}.Table 3ECG features of HCM.ECG abnormalities in HCM•Presence of deep S waves in V1 and V2 and large R waves in V5 and V6 strain repolarization changes are common findings ([Fig. 2](#f0010){ref-type="fig"}A).•Pathological Q waves in the inferior and lateral leads with ≥ 40 ms duration and ≥ 3 mm depth suggest LV asymmetric septal hypertrophy. Lateral Q waves are more common than inferior Q waves in HCM. Occur in 20 to 50% of patients and are attributed to septal hypertrophy.•P-wave abnormalities related to left atrial overload (duration \> 120 ms, notch P-wave mitrale, Morris index) can be observed.•Pre-excitation syndrome is observed in a glycogen-storage disease produced by LAMP2 or PRKAG2 mutations or Anderson-Fabry disease.•Atrial fibrillation and supraventricular tachycardias are common. Ventricular dysrhythmias (e.g. VT) also occur and may be a cause of sudden death.  Apical HCM•Giant negative T waves in precordial leads suggest HCM of the LV apex, initially described in Japan and called Yamagushi ([Fig. 2](#f0010){ref-type="fig"}B).

3.1. Diagnosis {#s0050}
--------------

The diagnosis of HCM rests on the detection of increased LV wall thickness by any imaging modality in the absence of another cardiac or systemic disease that itself would be capable of producing the magnitude of hypertrophy [@b0025], [@b0035].

In an adult, HCM is usually recognized by maximal LV wall thickness ≥ 15 mm, with wall thickness of 13 to 14 mm considered borderline, as measured by any imaging technique (echocardiography or cardiac magnetic resonance imaging), particularly in the presence of other compelling information (e.g., family history of HCM) [@b0025], [@b0035].

In the case of children, increased LV wall thickness is defined as wall thickness ≥2 standard deviations above the mean (z score ≥2) for age, sex, or body size [@b0025], [@b0035].

[Table 4](#t0020){ref-type="table"} summarizes the recommendations of the main imaging techniques in patients with suspected HCM.Table 4Imaging techniques in patients with suspected HCM.Imaging techniquesRecommendationsGenetic testing▪Genetic testing and counseling should be performed on all HCM patients. Genetic screening should be performed in all first-degree relatives of patients with a specific mutation.Eletrocardiogram (ECG)▪Initial evaluation and with worsening symptoms. It can also be performed as a screening of family members, every 12--18 months, when it does not identify the presence of ventricular hypertrophy on the initial echocardiogram.Exercise testing▪Assessment of functional capacity and therapeutic response;▪Risk stratification for SCD;▪Assessment of the systolic blood pressure;▪Assessment of latent obstructive forms when associated with echocardiogram.Ambulatory ECG monitoring▪Recommended for risk stratification of SCD (e.g., ventricular tachycardia) and stroke (e.g., atrial fibrillation).Transthoracic echocardiography▪Diagnosis and monitoring of HCM patients.▪Screening of family members in the absence of genetic mutation in the index case from 12 years old and repeated every 12--18 months.▪Detection of systolic anterior motion of the mitral valve (SAM) with two-dimensional and M-echocardiography.Cardiac magnetic resonance▪Inadequate echocardiographic windows and poor myocardial segment visualization.▪Additional assessment of hypertrophy (distribution and location) and anatomy of the mitral valve and detection of papillary muscle abnormalities.▪Differential diagnosis of other heart diseases such as amyloidosis, Fabry disease and LAMP 2.▪Detection of the presence of apical aneurysm.▪Assessment of myocardial fibrosis for risk stratification for SCD.

Transthoracic echocardiography has been the mainstay for imaging the HCM phenotype, and it remains the initial test for patients due to its portability, widespread access, and reliability in quantifying dynamic outflow tract gradients ([Fig. 3](#f0015){ref-type="fig"}). It can also determine changes in the mitral valve, as well as the follow-up of the disease [@b0155]. For the diagnosis, the only important parameter is the maximum ventricular wall thickness in any LV segment, and careful evaluation of all LV segments during the examination is essential because the anterolateral wall and apex hypertrophies can be difficult to see. Diagnostic criteria by echocardiography are ventricular wall thickness ≥15 mm in at least one LV myocardial segment or ≥13 mm in patients with a first-degree relative with confirmed HCM. The presence of the LVOT gradient is defined as nonobstructive when the LVOT gradient is \<30 mmHg at rest, obstructive when the LVOT gradient is ≥30 mmHg at rest, and latent obstructive form when the LVOT gradient is \<30 mmHg at rest, and on exertion when ≥30 mmHg [@b0025], [@b0035], [@b0160], [@b0165].Fig. 3Two-dimensional echocardiogram. Left ventricular longitudinal long-axis 2-chamber in tele-diastole showing a mid-apical hypertrophy (arrow) and highlighting interventricular septal hypertrophy (ISH = 36 mm).

Echocardiography is currently the most practical technique for screening for HCM and is recommended at 12-month intervals during adolescence and every 5 years in adults [@b0195], [@b0200], as well as at the onset of symptoms suggestive of HCM [@b0025], [@b0035]. In preclinical phases, reduced mitral tissue Doppler velocities may precede the development of LVH, and reduction in strain rates may also provide an incremental value in identifying subclinical forms [@b0170], [@b0175].

Cardiac magnetic resonance (CMR) should be ordered to establish the diagnosis of HCM in cases where areas of hypertrophy are technically difficult to assess by conventional echocardiography [@b0180] ([Fig. 4](#f0020){ref-type="fig"}, [Fig. 5](#f0025){ref-type="fig"}). It can also be performed for the differential diagnosis of myocardial hypertrophies found in other situations, such as athlete\'s heart, hypertensive heart disease, and deposition diseases (Fabry\'s disease and amyloidosis) [@b0185]. Through infusion of paramagnetic contrast, CMR identifies myocardial fibrosis, found in up to 65% of HCM patients, with often multifocal, irregular distribution, and not respecting coronary anatomy [@b0185], [@b0190], [@b0195], [@b0200], [@b0205], [@b0210]. The presence of extensive myocardial fibrosis is associated with a higher risk of LV dilation and systolic dysfunction. A recent multicenter study showed that patients with fibrosis extension ≥15% of LV mass have twice the risk for SCD compared with patients without fibrosis regardless of other risk factors [@b0200].Fig. 4An asymptomatic 36-year-old man with HCM. CMR images demonstrate mild asymmetric septal hypertrophy (A and B) and late gadolinium enhancement (arrows in C) in mid-septal wall and located near the right ventricular insertion points.Fig. 5A 17-year-old male patient with NYHA class II and massive LVH. (A) Electrocardiogram with LVH; (B) Transthoracic echocardiogram parasternal short-axis view shows severe asymmetric septal hypertrophy involving the anterior septum (wall thickness of 65 mm) and posterior LV (wall thickness of 24 mm); (C) M-mode echocardiogram recording of anterior systolic movement (ASM) and mitral leaflet septal contact (*arrows*); (D) CMR demonstrating the massive LVH.

Nuclear imaging can provide measurements of LV volumes and ejection function, RV volumes and ejection function, and identify thickened myocardium without a definable cause and myocardial ischemia ([Table 5](#t0025){ref-type="table"}) [@b0170].Table 5Nuclear imaging evaluation of patients with HCM.1. Myocardial perfusion2. LV volumes and ejection function by radionuclide and gated SPECT3. Coronary flow reserve by PET4. Cardiac metabolism by PET (research application)

Myocardial ischemia in the absence of epicardial coronary artery disease is a feature of HCM and is shown to play a significant role in the clinical course of these patients [@b0215].

Although myocardial ischemia is by no means the sole etiology of SCD in HCM, several lines of investigation provide evidence for its role as a major contributor to its risk. First, extensive remodeling of the intramural coronary arteries is seen in young individuals who had died suddenly as the first manifestation of HCM [@b0220]. Second, inducible myocardial ischemia has been frequently found among young survivors of cardiac arrest [@b0225]. Third, myocardial ischemia is often more commonly seen in HCM patients with massive left ventricular hypertrophy, dynamic left ventricular outflow tract obstruction, or hypotensive response to exercise [@b0230], [@b0235]. Finally, high prevalence of late gadolinium enhancement in areas of hypertrophy has been correlated with the presence of non-sustained ventricular tachycardia and cardiac mortality. Despite this evidence, assessment of myocardial ischemia has not been considered part of the evaluation and clinical management of patients with HCM.

In addition, the degree of microvascular dysfunction in patients with HCM assessed by Positron Emission Tomography (PET), has already been shown to be an independent predictor of clinical deterioration and death [@b0240].

However, the new guidelines do not routinely recommend performing nuclear imaging in the prognostic assessment of HCM [@b0025] due to the potential risks of radiation exposure and that the benefits of the information gained sufficiently balance those risks [@b0245]. This concept may be particularly important in patients with HCM, who in general will be younger compared with other subgroups of patients being evaluated for heart disease.

DNA analysis is the definitive method for the diagnosis of HCM. It should be requested whenever possible in the index case for the possibility of family screening and genetic counseling. In approximately 40--60% of cases, the mutation responsible for the disease is identified [@b0250]. Despite initial optimism that "malignant" or "benign" mutations would be identifiable among patient populations, the most recent clinical genetic studies have not been able to demonstrate the association of genetic mutations with prognostic evolution or SCD. Thus, the test result does not influence treatment strategies and does not identify high-risk SCD patients who may benefit from ICD therapy [@b0255], [@b0260], [@b0265].

HCM is usually diagnosed using non-invasive methods, without the need for endomyocardial biopsy (EMB). However, histopathological findings can be useful for the differential diagnosis of other cardiomyopathies, especially Fabry\'s disease and amiloidosis [@b0270].

4. Environmental phenotype modulators of HCM {#s0055}
============================================

Recently, there has been a great interest in environmental phenotype modulators of HCM. Fumagalli et al showed that obesity is highly prevalent among patients with HCM and is associated with an increased likelihood of LVOT obstruction and atrial fibrillation [@b0275].

Sedentary lifestyle has been associated with increased cardiovascular morbidity and mortality in the general population. However, competitive sports have been discouraged by international consensus [@b0280], [@b0285], although there is a growing understanding that exercise, even at high intensity, can benefit HCM patients [@b0290]. Only 1 published randomized controlled trial has examined the effect of exercise training in patients with HCM. Saberi et al. showed that moderate-intensity physical activity improves exercise capacity in patients with HCM [@b0295]. High-quality evidence from multiple prospective randomized controlled trials regarding the efficacy and safety of high-intensity exercise compared with moderate-intensity exercise in patients with HCM is lacking. Although current guidelines recommend only low-intensity physical activity, both moderate- and high-intensity exercise may be safe and effective in selected groups of patients with HCM. The benefits of regular physical activity can outweigh the negative effects of a sedentary lifestyle [@b0300].

Studies to better define the risk of high-intensity exercise in HCM are ongoing (LIVE-HCM/LQT and HIIT-HCM). The LIVE-HCM/LQT trial aims to evaluate how lifestyle and exercise impact the well-being of individuals with hypertrophic cardiomyopathy (HCM) and long QT syndrome (LQTS). The HIIT-HCM trial aims to examine the efficacy and safety of supervised high-intensity exercise in adults with HCM.

Recently, the Sport Cardiology Section of the European Association of Preventive Cardiology (EAPC) updated the recommendations for practicing cardiologists and sport physicians managing athletes with cardiomyopathies. The document states that exercise participation should be considered on an individual basis. Findings that might represent absolute contraindications for sports participation include history of aborted SCD, unexplained syncope, exercise-induced ventricular tachycardia (VT), high ESC 5-year risk score, significant increase in left ventricular (LV) outflow gradient (\>50 mmHg), and abnormal blood pressure response to exercise. Adult athletes with mild clinical expressions of HCM and low ESC risk score, may selectively be allowed to participate in competitive sports, with the exception of those sports with intrinsic risk of harm with syncope (eg, scuba diving). Genotype positive -- phenotype negative status should not equate to having HCM and thus should not preclude participation in sports [@b0305].

4.1. Management {#s0060}
---------------

HCM treatment is indicated in the presence of symptoms. Treatment of patients with HCM requires a thorough understanding of the natural history and must be individualized to the patient. The general approach is outlined in [Fig. 6](#f0030){ref-type="fig"}.Fig. 6Prognostic pathways and primary treatment strategies within the broad clinical spectrum of HCM. ICD = implantable cardioverter defibrillator; RF = radiofrequency.

4.2. Pharmacotherapy {#s0065}
--------------------

The goal of pharmacological therapy in HCM is to alleviate the symptoms of exertional dyspnea, palpitations, and angina and thereby improve patients\' quality of life. However, previous studies have not been able to demonstrate benefits in the use of medications to prevent disease progression [@b0025], [@b0035].

Beta-blockers (BB) and calcium channel blockers (CCB) have been used since the 1960 s and should be used in progressive doses until a resting heart rate of 60 bpm is reached. These drugs improve exertional dyspnea and chest pain by inhibiting sympathetic heart stimulation; decreasing oxygen consumption by reducing heart rate, contractility, and myocardial stress during systole; and increasing the diastolic filling period. Decreased LVOT flow obstruction during exercise would lead to improvement of dyspnea and syncope. Despite these therapeutic effects, it is now known that these drugs do not decrease the incidence of ventricular arrhythmias or sudden death [@b0025], [@b0035], [@b0310], [@b0315]. CCB should be avoided in patients with the obstructive form because its vasodilatory effect may worsen obstruction in LVOT [@b0320]. Disopyramide, an antiarrhythmic drug, has an important negative inotropic effect that, in obstructive forms, leads to a decrease or even disappearance of the LVOT gradient, with improvement of symptoms [@b0325]. Diuretics may be considered in patients with signs of pulmonary congestion [@b0330].

The potential beneficial effects of inhibitors of the renin-angiotensin-aldosterone system as anti-hypertrophic and anti-fibrotic agents were tested in animal models of HCM. Treatment with an angiotensin II receptor blocker (losartan) has shown that transforming growth factor (TGF)-β is an important mediator of profibrotic signals and that early inhibition of TGF-β diminishes the development of fibrosis [@b0335].

The INHERIT (INHibition of the renin angiotensin system in hypertrophic cardiomyopathy and the Effect on hypertrophy - a Randomised Intervention Trial with losartan) trial was designed to assess the effect of 100 mg of losartan in promoting the regression of LV hypertrophy in HCM. This study, however, failed to show any significant reduction in the fibrotic mass proportion (evaluated using late gadolinium enhancement in CMR) with the losartan [@b0340].

The currently ongoing VANISH (Valsartan for Attenuating Disease Evolution In Early Sarcomeric HCM) trial is a multicenter, double-blind, randomized controlled trial designed to determine whether treatment with valsartan will have a beneficial effect in attenuating disease evolution in early HCM. The study also will measure the impact of valsartan treatment on disease pathology, clinical outcomes and assessment of symptom burden, and incidence of adverse drug reactions [@b0345].

Atrial fibrillation (AF) is a common complication and occurs in up to 20% of individuals with HCM. This is likely due to raised left ventricular end diastolic pressure related to ventricular dysfunction caused by LVOT obstruction. AF is associated with clinical deterioration due to HF. Therefore, restoration of sinus rhythm is desirable [@b0350], [@b0355]. CHA2DS2-VASc score is not recommended for use in patients with HCM. For rhythm maintenance, amiodarone (sotalol alternative), catheter ablation, and the MAZE surgical technique (in patients undergoing surgery) should be considered [@b0025], [@b0030], [@b0035], [@b0040], [@b0360], [@b0365], [@b0370]. Oral anticoagulation is recommended in all patients with AF where possible; thromboembolism is a common consequence of AF (up to 30%) [@b0025], [@b0035], [@b0055], [@b0375].

Chronic anticoagulation with vitamin K antagonists (VKAs) is recommended in patients with HCM and AF.

There are currently no data available from randomized controlled trials on the efficacy of direct oral anticoagulants (DOACs) in reducing thromboembolic risk in this population. Two retrospective trials [@b0380], [@b0385] in patients with HCM undergoing oral anticoagulation did not find any significant difference between DOACs and vitamin K antagonists (VKA) in ischemic or bleeding events. Current guidelines [@b0025], [@b0035] recommend the use of DOACs in significant difficulties with INR monitoring, side effects or patients are unable to perform INR monitoring. However, the most recent ESC Guidelines for the Management of AF (2016) have recommended that there is no preference between VKA or DOACs in these patients [@b0390].

5. Invasive therapy {#s0070}
===================

Invasive treatment is indicated in symptomatic patients (NYHA III-IV) despite optimal medical therapy with an LVOT gradient ≥50 mmHg (at rest or provoked) [@b0025], [@b0030], [@b0035], [@b0055]. [Table 6](#t0030){ref-type="table"} summarizes indications of septal reduction therapies.Table 6Eligible patients for invasive therapy.Clinical: NYHA functional classes III or IV, syncope or other symptoms that interfere with quality of life despite optimal medical therapy.Hemodynamic: LVOT gradient ≥50 mmHg (at rest or provoked) associated with septal hypertrophy and systolic anterior motion of the mitral valve.Anatomic: Targeted anterior septal thickness sufficient to perform the procedure safely and effectively in the judgment of the individual operator.

5.1. Surgical septal myectomy {#s0075}
-----------------------------

Surgical septal myectomy has been the gold standard for septal reduction. The procedure removes a small portion of muscle from the basal ventricular septum to reduce the LVOT gradient (Morrow\'s surgery) [@b0010], [@b0395], [@b0400].

Long-term studies with\>50 years of follow-up have shown that surgical myectomy reliably reverses heart failure symptoms, permanently abolishing obstruction (90% of cases), restoring normal LV filling pressure and reducing or abolishing mitral regurgitation [@b0405], [@b0410]. Operative mortality for septal myectomy ranges from \<1% at experienced centers to up to 3--4% when associated with mitral valve repair. The main perioperative complications are complete atrioventricular (AV) block, aortic valve insufficiency, and interventricular communication [@b0410], [@b0415], [@b0420]. The use of intraoperative transesophageal echocardiography has assisted surgeons in septal resection and correction of concomitant structural abnormalities, with improved surgical outcomes and reduced complication rates [@b0025], [@b0035]. Male patients \<50 years old with left atrium size \<46 mm without atrial fibrillation have the best surgical results [@b0410], [@b0415].

Another important data is the association of the patient sex with outcomes after surgical myectomy. It has been shown that women with HCM are diagnosed at an older age, tend to be more symptomatic at presentation, have more obstructive form and have reduced survival compared with men. Meghji et al. have showed that women undergoing septal myectomy were older, more symptomatic at presentation and had more severe obstructive form, in addition to being more likely to have moderate to severe mitral regurgitation and higher right ventricular systolic pressure than men. However, survival following septal myectomy was independent of female sex after adjustment for important baseline prognostic factors. Improved care of women with obstructive HCM should focus on early identification of disease and prompt surgical referral of appropriate patients who do not respond to medical treatment [@b0425].

5.2. Alcohol septal ablation {#s0080}
----------------------------

Alcoholic septal ablation was first successfully performed in 1994 by Sigwart in three patients with the obstructive form of HCM who had not improved with clinical treatment. After this procedure, patients had a significant decrease in LVOT gradient, with improvement in symptoms and functional class [@b0430]. The procedure consists of occlusion of the major septal branch of the anterior descending artery and injection of absolute alcohol (1.5 to 2.5 mL) through the cardiac catheterization technique, which causes a septal infarction (10% of the LV wall, 30% of the septum, on average), with the formation of scarring and septal reduction [@b0435]. Currently, there are questions as to whether the scar that formed on the septum could contribute as an arrhythmogenic focus at risk for SCD [@b0440].

Alcohol septal ablation has become an alternative to surgical myectomy in select patients, such as those with advanced age, significant comorbidities, or who oppose open chest surgery. The procedure should be avoided in patients with septal thickness \<16 mm or \>30 mm [@b0025], [@b0035]. Results of alcohol septal ablation are similar to those of surgical myectomy in terms of gradient reduction, improvement of symptoms, and exercise capacity, with mortality similar to that of isolated myectomy. Complete atrioventricular (AV) block is the main complication (7--20% of patients), and 12% of patients need to repeat the procedure due to residual obstruction [@b0445], [@b0450], [@b0455], [@b0460], [@b0465].

[Fig. 7](#f0035){ref-type="fig"} shows a comparison between two strategies for septal reduction in patients with HCM.Fig. 7Comparison between septal reduction therapies.

On the other hand, Kim et al analyzed patients who were hospitalized for septal myectomy or alcohol septal ablation in the US between 2003 and 2011. The authors showed that most centers that provide septal reduction therapy performed few procedures, below the threshold recommended by the American College of Cardiology Foundation/American Heart Association and concluded that hospitals with a low septal myectomy volume are associated with worse in-hospital outcomes, including higher mortality [@b0470].

5.3. Pacing therapy {#s0085}
-------------------

The rationale for pacing in patients with HCM include: (1) negative inotropic effect and reduced hypercontractility of the LV; (2) asynchronous septal activation and delayed septal thickening; (3) limitation of abnormal mitral valve motion; (4) interaction with LV filling, and (5) ventricular remodeling [@b0475].

The presence of the electrode at the RV tip determines a change in contractile activation of the myocardium, which changes from bottom to top and from right to left, with paradoxical movement of the interventricular septum, which moves away from the posterior wall of the LV during systole, increasing the ventricular chamber and reducing the LVOT gradient.

However, Maron et al. in a double-blind trial have demonstrated the placebo effect as responsible for the improvement of symptoms with device implantation [@b0480].

Therefore, the definitive indication of atrioventricular pacing in HCM is reserved only for very symptomatic patients, refractory to pharmacological treatment, not candidates for septal myectomy or alcoholic septal ablation [@b0025], [@b0035].

5.4. Heart transplantation {#s0090}
--------------------------

In the US, HCM accounts for 1--5% of heart transplants with survival rates similar to the transplant rate in patients with other cardiomyopathies, including those with ischemic etiology [@b0485], [@b0490]. Heart transplantation is indicated in patients with end-stage disease and left ventricular dysfunction or in those with nonobstructive HCM with preserved systolic function (restrictive form) who develop refractory heart failure symptoms due to diastolic dysfunction [@b0025], [@b0030], [@b0035], [@b0055], [@b0495].

5.5. Novel therapeutic strategies {#s0095}
---------------------------------

In severely symptomatic patients with HCM, small LV cavity, and nonobstructive physiology, apical myectomy to enlarge the LV improves symptoms for patients who would otherwise be relegated to cardiac transplantation. Percutaneous mitral valve repair to limit systolic anterior motion (SAM) is a novel approach to treating LVOT obstruction in drug-refractory patients with obstructive HCM who are not candidates for septal reduction therapy [@b0500]. However, there is controversy about whether mitral valve abnormalities should be surgically repaired at the time of myectomy [@b0480]. Currently, it is considered that the surgical mitral valve repair in association with septal myectomy is the preferred approach [@b0505]. Surgical transapical myectomy can be performed in patients in whom the hypertrophic myocardium is confined to mid-apical segments [@b0510], [@b0515].

Perhexiline acts by reducing fatty-acid oxidation through inhibition of the enzymes carnitine palmitoyl transferase-1 and 2, which are crucial transporters of long chain fatty acids into the mitochondria. This inhibition thus induces a change in cellular metabolism, reducing the consumption of fatty acids and favoring the use of carbohydrates as a metabolic substrate, which is associated with greater efficiency in the use of oxygen for the production of ATP in the myocardium [@b0520]. Abozguia et al showed that perhexiline ameliorates cardiac energetic impairment, corrects diastolic dysfunction, and increases exercise capacity in patients with symptomatic HCM [@b0525].

Trials investigating the effect of cardiac myosin inhibitors such as mavacamten (EXPLORER-HCM and MAVERICK-HCM) and CK-274 (REDWOOD-HCM) on LVOTO and HCM associated diastolic heart failure are underway.

Mavacamten (MYK-461) is a small molecule that reduces contractility of cardiac myocytes by inhibiting ATPase activity of myosin. Heitner et al have showed that mavacamten reduced mean postexercise LVOT gradient from 103 mmHg at baseline to 19 mmHg and improve exercise capacity and symptoms at 12 weeks in patients with obstructive HCM [@b0530]. The ongoing PIONEER-HCM study has evaluated the efficacy, safety, and tolerability of mavacamten in subjects with symptomatic HCM and LVOT obstruction aged 18--70 years.

Treatment with N-acetylcysteine (NAC), a precursor to the most abundant intracellular non-protein thiol pool against oxidative stress, reversed cardiac hypertrophy and interstitial fibrosis in a rabbit HCM model [@b0535] However, the HALT-HCM study performed in 42 humans showed that treatment with NAC for 12 months had small effect sizes on indices of cardiac hypertrophy or fibrosis [@b0540].

Finally, gene-silencing with CRISPR/Cas9 gene-editing technology may someday play a role in the prevention of disease development before the appearance of clinical manifestations [@b0545].

6. Management of patients at risk of SCD {#s0100}
========================================

SCD is a feared and often unpredictable complication of HCM [@b0025], [@b0030], [@b0035], [@b0055] that usually affects asymptomatic patients under 35 years of age, resulting from ventricular arrhythmias caused by autonomic hyperactivity secondary to LVOT obstruction, microvascular ischemia, myocardial fibrosis, and myocyte derangement [@b0550], [@b0555].

In patients with a personal history of cardiac arrest, ventricular fibrillation, or sustained ventricular tachycardia, SCD risk rises to about 10% per year, and in this setting, ICD is the only effective therapy for preventing SCD [@b0025], [@b0030], [@b0035], [@b0560].

For primary prevention, the great challenge is to identify the candidates for the device ([Fig. 6](#f0030){ref-type="fig"}) due to the low incidence of SCD, the clinical individuality of each patient, the wide variation in the literature to define risk factors, and the morbidity attributed to ICD [@b0565], [@b0570], [@b0575], [@b0580], [@b0585], [@b0590]. It is recommended that all HCM patients undergo SCD risk stratification to identify those who will benefit from ICD implantation.

In 2014, the European Society of Cardiology developed a new risk stratification score that defines the 5-year SCD risk - HCM-Risk-SCD Calculator \[<http://www.doc2do.com/hcm/webHCM.html>\] [@b0595]. This score takes into account age (inversely proportional to risk), LV wall thickness, left atrial diameter, LVOT gradient, family history of SCD, nonsustained ventricular tachycardia (NSVT), and unexplained syncope. ICD may be considered in patients with a risk of 4--6%, and in patients with a 5-year risk ≥ 6%, an ICD should be considered [@b0035].

The other model, advocated by the American College of Cardiology/American Heart Association ([Table 7](#t0035){ref-type="table"}), states that ICD can be considered in the presence of one or more of the following risk factors: NSVT; family history of SCD; LV wall thickness ≥30 mm; unexplained syncope; and abnormal blood pressure response during exercise (defined as a decrease in a blood pressure or inability to increase blood pressure by ≥20 mmHg during exercise).Table 7Major and possible risk factors for SCD in patients with HCM. Adapted from Elliot PM et al. [@b0125].Major risk factors1. Family history of sudden death (\<50 years).2. Unexplained and recurrent syncope.3. Ventricular wall thickness ≥30 mm.4. Documented nonsustained ventricular tachycardia (NSVT) (\>three beats with heart rate \>120 bpm)[\*](#tblfn1){ref-type="table-fn"}5. Systolic blood pressure drop ≥20 mmHg on exertion[\*](#tblfn1){ref-type="table-fn"}Number of major risk factorsEstimated 6-year survival from SCD (%)•095•193•≥282[^1][^2][^3]

ICD indication for primary prevention can also be defined by the presence of established risk factors, and the sum of these factors may further refine the identification of patients at high risk for SCD, as shown in [Table 7](#t0035){ref-type="table"} [@b0025], [@b0600], [@b0605], [@b0610], [@b0615].

Although most guidelines suggest that a single risk factor may justify ICD, the decision should always be individualized taking into account the patient\'s age and desire, the positive predictive value of the present risk factor, as well as the technical and financial conditions of health care and the possible complications of device implantation [@b0025], [@b0035].

7. General considerations {#s0105}
=========================

Every individual with a family history of HCM should be followed for the risk of developing the disease ([Fig. 8](#f0040){ref-type="fig"}). For first-degree relatives, ideally the echocardiogram should be performed annually from 12 to 20 years of age, and before this period only in patients who have symptoms or who wish to participate in high-intensity sports competitions. After a person is 20 years old, echocardiography assessments are recommended every 3 to 5 years [@b0025], [@b0035]. The practice of intense physical exercise and competitive sports is contraindicated for patients with HCM. Low-intensity activities with maximum O~2~ consumption \<40% may be released. For patients with positive genotype and negative phenotype, there is no restriction on physical exercise [@b0025], [@b0035], [@b0620], [@b0625]. Prophylaxis for infectious endocarditis should be considered for patients with the obstructive form when undergoing dental treatment [@b0630]. Pregnancy is often well tolerated in asymptomatic patients with little risk of prematurity and maternal mortality, but the high potential for genetic transmission of the disease indicates genetic counseling before planning a pregnancy.Fig. 8Follow-up of patients with HCM. SCD = sudden cardiac death; AF = atrial fibrillation; HCM = hypertrophic cardiomyopathy.

Goland et al. report maternal and foetal outcomes from an international cohort of women with HCM who entered the ROPAC database. Sixty pregnant women with HCM (41.7% obstructive) were included. No maternal mortality occurred in this cohort. However, a major adverse cardiovascular event (MACE) defined as death, heart failure, arrhythmia, or thrombo-embolic event occurred in \~23%. Although most women with HCM tolerated pregnancy well, cardiovascular complications were not uncommon and predicted by pre-pregnancy status facilitating pre-pregnancy counselling and targeted antenatal care [@b0635].

In the presence of LVOT gradient \>50 mmHg or symptoms refractory to drug treatment, pregnancy is considered high risk [@b0640], [@b0645].

[^1]: Possible risk factors: LVOT gradient ≥30 mmHg; high-risk genetic mutation; myocardial fibrosis (\>15% LV mass) on CMR, LV apical aneurysm.

[^2]: Low risk (SCD incidence 0.2--0.4% per year): Absence of established risk factors; absent or mild symptoms; left atrium ≤45 mm; ventricular wall thickness ≤20 mm; LVOT gradient \<50 mmHg.

[^3]: Only when associated with other possible risk factors.
